In 1946, Gilman, Philips, and Koelle (1) reported observations on the renal clearance of thiosulphate in dogs. In 13 experiments, comprising 46 clearance periods, they found that the creatinine/thiosulphate clearance ratio fell within the range of 0.9 to 1.1. They concluded that thiosulphate is unique among inorganic ions in that it is neither reabsorbed nor excreted by the renal tubules when present in the glomerular filtrate in the concentration range of 13.3 to 66.6 mg. per 100 cc.
In 1946, Gilman, Philips, and Koelle (1) reported observations on the renal clearance of thiosulphate in dogs. In 13 experiments, comprising 46 clearance periods, they found that the creatinine/thiosulphate clearance ratio fell within the range of 0.9 to 1.1. They concluded that thiosulphate is unique among inorganic ions in that it is neither reabsorbed nor excreted by the renal tubules when present in the glomerular filtrate in the concentration range of 13.3 to 66.6 mg. per 100 cc.
Newman, Gilman, and Philips (2) subsequently reported a series of simultaneous inulin and thiosulphate clearances in man. Using the single injection method, they found that the thiosulphate/ inulin clearance ratio fell within the range of 0.7 to 1.3 (average 0.99 + 0.08) and that this ratio was independent of the plasma concentration between 6 and 60 mg. per 100 cc. The apparent identity of these clearances has been confirmed by Brun (3) , Crawford (4) , and Blegen, Qrning, and Aas (5) , while Bj0rnboe, Dalgaard-Mikkelsen, and Raaschou (6) report that in three subjects the thiosulphate/inulin clearance ratio is higher when the urine is alkaline than when it is acid.
More recently, Pitts and Lotspeich (7), employing thiosulphate to measure the filtration rate in dogs in connection with studies of acid-base balance, confirmed the identity of the thiosulphate/ creatinine clearance ratio (average 1.00, range 0.90 to 1.13) in this species, and stated that the administration of thiosulphate did not disturb either glomerular filtration or renal plasma flow.
Since it appeared from this evidence that the thiosulphate clearance is a reliable measure of glomerular filtration rate, and since inulin was not obtainable in post-war Europe, a study of renal function in normal and toxemic pregnancy was started by one of us (C. L.) in Brussels in 1947, using this clearance for the measurement of the filtration rate.
METHODS
Studies were performed on 49 adult, female patients from the Saint-Pierre Hospital (Brussels) and the Gynecological and Obstetrical Services of the Sloane Hospital for Women (New York). Forty-two of these patients were pregnant, the period of gestation ranging from six weeks to term; with the exception of two cases of preeclampsia, all presented normal pregnancies. Four were in early puerperium. In addition, three normal, nonpregnant women were examined.
All of the above subjects were receiving the regular ward diet except for 22 of the pregnant group who were on a low salt diet. They were examined in the recumbent position and had received nothing but water since the evening meal before the test. Immediately before the test they drank 200 cc. of water and this fluid, with the constant infusion, maintained a satisfactory urine flow averaging about 2 cc. per minute.
Four normal female dogs were also studied. In addition, one pregnant animal was followed at different stages of pregnancy.
Renal clearances were performed in the usual manner, with serial clearance periods varying from 10 to 30 minutes. Urine was collected by catheter and the bladder was washed with distilled water and air. A renal delay time of 2.5 minutes was used in the calculation of renal clearances. In earlier experiments a single intravenous injection of inulin and sodium thiosulphate was given, but, in later experiments, a continuous infusion was used in order to provide constant or increasing plasma concentrations of thiosulphate. p-Aminohippurate (PAH) was administered subcutaneously when clearance levels were desired, and intravenously by constant infusion when the aim was to saturate the tubule cells by high plasma levels. 4'-Carboxyphenylmethanesulfonanilide (carinamide) was given by mouth to humans and by mouth or intravenously to dogs.
PAH was determined by the method of Smith and his associates (8) , thiosulphate by the iodometric reaction described by Gilman, Philips, and Koelle (1) and also by the direct iodine titration of HolbSll (9) and Claus Brun (10) . As most of our observations involved low plasma concentrations of thiosulphate, recoveries were carefully checked. Analytical aliquots of plasma and urine were of such size that the difference between the blank and the unknown was at least 1 cc. (0.158 mg. of thiosulphate standard solution). The difference between duplicates, when analyzed by the two methods cited above, was never greater than 4 per cent. Lebrun (11) , working at plasma concentrations ranging between 5 and 12 mg. and using the analytical method of Gilman and his coworkers, reports an average error of only 0.5 per cent for his thiosulphate recoveries.
The plasma thiosulphate blanks varied from 1.5 to 2.5 mg. per 100 cc.; the urine blank was always below 10 mg. per 100 cc., averaging 4 mg. per 100 cc., yielding an average blank clearance of 0.5 to 0.7 mg. per minute. These figures are no higher than those obtained by Newman, Gilman and Philips (2) .
In the presence of high plasma concentrations of PAH, sodium thiosulphate was determined by the indirect method (1) with the modifications introduced by Elliott and Scott (12) . Numerous recoveries of known amounts of thiosulphate in plasma containing 50 to 80 mg. per 100 cc. of PAH showed an error averaging + 1.5 per cent, and never exceeding + 4 per cent. Excellent thiosulphate recoveries were obtained in plasma samples containing 2 gm. per 100 cc. of carinamide.
Inulin was determined by the method of Alving, Rubin, and Miller (13), using unyeasted trichloracetic filtrates. Recoveries of known amounts of inulin added to plasma showed an average error of 4.5 per cent, ranging between 3 and 6 per cent.
The plasma inulin blank ranged between 1.5 and 3 mg. per 100 cc., the highest value being 4 mg. per 100 cc. The urine blanks were often negligible, and never higher than 5 mg. per 100 cc. The rate of excretion of inulinoid blank, for which correction was introduced whenever a significant urine blank was present, ranged between 0.1 and 0.3 mg. per minute.
RESULTS

Thiosulphate Clearance in Pregnant Women
Seventy-three clearance determinations were made on 20 pregnant women at periods of gestation ranging from six weeks to term. In some instances a single intravenous injection of thiosulphate was used in order to examine the excretion of thiosulphate during decreasing plasma concentrations. In other instances a continuous infusion was used to maintain the plasma concentration at a constant level. Considering all tests, the thiosulphate plasma concentration varied from 3.5 to 43.2 mg. per 100 cc. The average thiosulphate clearance in 17 periods with the plasma concentration below 17 mg. per 100 cc. was 227 cc. per minute. In 56 clearance periods in which the thiosulphate plasma concentration was above 17 mg. per 100 cc. the average clearance value was 140 cc. per minute. This discrepancy suggested that the thiosulphate clearance might be higher at low than at elevated plasma concentrations. Moreover, irrespective of the plasma concentration, our average figures for the thiosulphate clearance are substantially higher than the average filtration rate, 116 to 124 cc. per minute, in pregnant women, as measured by the inulin clearance (14, 15) .
Thiosulphate/Inulin Clearance Ratio in Pregnant
Women It appeared desirable to investigate the possibility of tubular excretion of thiosulphate in pregnancy by the simultaneous estimation of thiosulphate and inulin clearances using falling, constant, or increasing plasma concentrations of sodium thiosulphate. Therefore, simultaneous inulin and thiosulphate clearances were determined in 20 pregnant women, the period of gestation ranging from 20 to 36 weeks. Two of these presented symptoms of toxemia of pregnancy. Four women were also studied postpartum.
In 16 tests, 53 clearance periods were obtained during decreasing blood thiosulphate and inulin concentrations following a single intravenous injection of both substances (Figure 1 ). In 13 of these tests, PAH was administered by subcutaneous injection to yield low plasma levels (3 mg. per 100 cc.). The serum concentration of thiosulphate varied from 33 to 3 mg. per 100 cc. The thiosulphate/inulin clearance ratio, averaging about 1.0 at plasma thiosulphate concentrations above 18 mg. per 100 cc., increased as the thiosulphate concentration was reduced, to reach values in excess of 1.4 at plasma concentrations of 8 mg. per 100 cc. or less. Much the same relation was observed when the plasma concentration of both thiosulphate and inulin were kept constant by intravenous infusion. Thirty-two clearance periods were obtained in eight women in the 21st to 36th week of pregnancy. In 26 periods determined with the constant infusion method and thiosulphate plasma levels ranging from 4 to 15 mg. per 100 cc., the average clearance ratio was 1.25. In six periods in which the level was maintained above 26.5 mg. per 100 cc., the average clearance ratio was 1.08. 
Depression of the Thiosulphate Clearance by PAH
It is known that saturation of the tubular transport system with one substance tends to depress the tubular excretion of other substances (20 Thiosulphate/inulin clearance ratios were determined in three non-pregnant women. The constant infusion technique was used in two, with increasing amounts of thiosulphate added in the later periods, thus starting with a low plasma concentration and ending with a high one. With low thiosulphate plasma concentrations (3 and 6 mg. per 100 cc.) the clearance ratios averaged 2.20 and 1.51, respectively; with a high plasma concentration (40 mg. per cent), these ratios were 1.09 and 1.02, respectively.
Observations in the Dog
In nine control observations on a pregnant bitch, obtained on two occasions at plasma thiosulphate concentrations of 4.5 to 12.3 mg. per 100 cc., the thiosulphate/inulin clearance ratio ranged from 0.91 to 1.45. After carinamide (50 mg. per kg. orally or intravenously every hour for 10 hours) this ratio ranged from 0.52 to 0.85 in 10 observations made on three occasions.
Twelve clearances were determined in five nonpregnant female dogs, using the constant infusion method. The thiosulphate/inulin clearance ratio averaged 1.03 at plasma thiosulphate concentrations ranging from 5 to 54 mg. per 100 cc. After three control periods in these same dogs, a quantity of PAH sufficient to bring the plasma PAH concentration to 25 to 50 mg. per 100 cc. was added to the infusion. The thiosulphate/inulin clearance ratio in eight such clearance periods was depressed to an average of 0.89. DISCUSSION Our data show that the average thiosulphate clearance in pregnant women is substantially greater than the recorded values of the inulin clearance, this descrepancy being greater at low than at high plasma concentrations of thiosulphate. In simultaneous observations, the thiosulphate/ inulin clearance ratio has an average value of the order of 1.4 (range 1.1 to 1.6) at plasma thiosulphate concentrations of 6 to 10 mg. per 100 cc., this ratio being depressed to about 1.0 at plasma concentrations of 20 mg. per 100 cc. This relationship is independent of whether the plasma concentration is falling, rising, or maintained at a con-stant level by infusion. The clearance ratio is depressed, sometimes below 1.0, by saturation of the tubules with PAH, and even more markedly depressed (to 0.78 in one instance) by carinamide.
Clearance ratios above 1.0 at low plasma concentrations were also observed in women examined postpartum, and in three non-pregnant women, but our data and those of Lebrun (11) suggest that this ratio is somewhat lower at higher plasma concentrations in non-pregnant women.
In one pregnant dog, the clearance ratio ranged from 0.91 to 1.45 before carinamide, and from 0.52 to 0.85 after administration of this drug. In five non-pregnant bitches, the clearance ratio averaged 1.03, and was depressed in these animals by carinamide to an average value of 0.89.
A (24) and Werboff (25) , the sulphate excretion is decreased, despite an increase in the sulphate concentration in the blood (26, 27 Our results can best be interpreted, therefore, as indicating that in women thiosulphate is excreted in part by the renal tubules, by a process which is depressed by PAH and carinamide, and that this tubular process is readily overloaded by elevation of the plasma thiosulphate concentration, depressing the thiosulphate/inulin clearance ratio. The relation between tubular and glomerular clearance is such that, at the plasma concentrations examined by Newman, Gilman, and Philips (2) and others, the thiosulphate/inulin clearance ratio has a value in the range of 0.9 to 1.1. Our data suggest, but do not prove, that tubular excretion is enhanced during pregnancy.
Our observations on the dog, contrary to those of Gilman, Philips, and Koelle (1) and Pitts and Lotspeich (7), suggest that tubular excretion also occurs in this species (as indicated notably by depression of the thiosulphate/inulin clearance ratio by carinamide).
The fact that the thiosulphate/inulin clearance ratio in both women and dogs may be depressed substantially below 1.0 by carinamide indicates that, under this circumstance at least, filtered thiosulphate may undergo some tubular reabsorption. Simultaneous tubular excretion and reabsorption of potassium has been demonstrated by Mudge, Foulks, and Gilman (28) and Berliner and Kennedy (29) , and such a multiple system has been postulated by Beyer and his coworkers to explain the excretion of carinamide itself (30, 31) .
Many years ago Marshall (32) reported that thiosulphate is excreted by the aglomerular fish kidney, and, since these studies were initiated, Bing and Effersoe (10) , although finding no evidence of tubular excretion in the rabbit, demonstrated tubular excretion in the cat, an observation which has been confirmed by Eggleton and Habib (33) . Evidence in favor of tubular excretion in man has been adduced by Lebrun (11) 3. The fact that carinamide sometimes depresses the clearance ratio to values substantially below 1.0 in pregnant women indicates that, at least under these conditions, filtered thiosulphate can be reabsorbed by the tubules.
4. As judged by the action of carinamide, tubular excretion of thiosulphate occurs in pregnant and non-pregnant female dogs.
